Two new binuclear O-bridged copper(II) carboxylates with chemical formulas [Cu 2 (3-ClC 6 H 4 CH 2 COO) 4 (phen) 2 ] (1) and [Cu 2 (3-ClC 6 H 4 CH 2 COO) 4 (bipy) 2 ] (2) where phen = 1,10-phenanthroline and bipy = 2,2'-bipyridine have been synthesized and characterized by FT-IR, UV-Visible spectroscopy, CHN analysis and single crystal XRD. The results revealed distorted square pyramidal geometry around each copper atom of 1 and 2. The DNA interaction studies showed strong binding with K b = 5.07 × 10 3 and 4.62 × 10 3 M -1 for 1 and 2, respectively. Both complexes showed strong enzyme inhibition, i.e., 70% and 90% for α-glucosidase with IC 50 = 34.6 and 30.1 μM for 1 and 2, respectively, where acarbose was employed as control. However, both the complexes were found inactive against α-amylase. Using galantamine hydrobromide as control, 1 showed moderate inhibition activity (47%) with IC 50 = 179.4 μM for acetylcholine esterase whereas 2 showed strong inhibition activity (76%) with IC 50 = 95.8 μM for butyrylcholine esterase. The data reflects active anti-diabetic and anti-Alzheimer's nature of the synthesized complexes.
Introduction
Despite decades research work in the field of metal carboxylates, these fascinating materials with diverse structures and applications have still kept interest of scientists alive in them. Since their discovery they have been serving mankind in one way or the other. The striking application of metal carboxylates is that they act as accelerators for a number of industrially and biologically important chemical reactions such as oxidations, reductions, couplings, C-H insertions, transformations, and charge transfers. [1] [2] [3] [4] A number of bioactive metal carboxylates have also been reported to date. 5, 6 Inevitable relationship between chemical reactions naturally carried out within the human body, pharmacology and medicine has lead the scientists to design new bioactive materials in the form of potent drugs for therapeutic intervention in treatment of many life threatening diseases. Metal charge, interactions with ligands, structure and bonding, Lewis acid character, partially filled d-shell and its redox activity defines its suitability for biological systems. [7] [8] [9] [10] Copper is one of essential metals with multifaceted role in human life. It has been used as medicine for healing purposes since ancient civilizations. [11] [12] [13] In case of exogenous administration in the form of synthetic compounds, it interacts with various biomolecules mainly pro- 14, 15 Cytochrome c oxidase, superoxide dismutase, ferroxidases, monoamine oxidase, and dopamine β-monoxygenase are copper dependent enzymes within the human body. 16, 17 Recently, greater interest in copper carboxylates has emerged because of their potential use as antimicrobial, antiviral, anti-inflammatory and antitumor agents due to their ability to interact with DNA through Fenton type reaction and they offer reduced side effects attributed to their superoxide dismutase (SOD) mimetic activity. 18, 19 In this regard casiopeinas, generic name of heteroleptic copper(II) complexes with good antineoplastic activity have set a foundation for synthesis of therapeutically potent agents based on mix ligand copper(II) complexes. 20, 21 Moreover, copper complexes can act as enzyme inhibitors by blocking the active sites on enzyme surface as copper has ability to bind to various proteins in biological system. However, a very few copper carboxylates have been reported so far with alpha glucosidase, acetylcholine and butyrylcholine esterases inhibition activity. [22] [23] [24] [25] Since enzyme targeting is potential therapy in modern era of medicinal research therefore combining an essential metal and two different organic ligands together in a single molecule to develop lifesaving drugs could be attractive solution. Organic ligands in these complexes affect and regulate their activity by neutralizing the charge on copper ion and facilitating the transport across the cell membranes. 26, 27 Therefore, keeping in view all these facts, as well as in continuation of our previous work, [28] [29] [30] the present study is designed with aim to synthesize biologically active heteroleptic copper(II) complexes with substituted phenylacetic acids and 1,10-phenanthroline and 2,2'-bipyridine. DNA binding ability of synthesized complexes was evaluated through UV-Visible spectroscopy which exhibited good results and their strong enzyme inhibition capacity revealed their therapeutic applications as well.
Results and Discussion

1. Synthesis, UV-Visible and FT-IR spectroscopy
The complexes were synthesized in aqueous medium using mild reaction conditions as depicted in ScheScheme 1. Synthetic procedure and proposed structures of the complexes. me 1. These were obtained in good yield followed by their purification and recrystallization. The crystalline samples were subjected to characterization techniques such as UV-Visible, FT-IR and single-crystal X-ray crystallographic studies. UV-Visible and FT-IR spectra clearly indicated the essential peaks that helped in characterization of the complexes. The bands observed at 673 nm and 663 nm in visible region for complexes 1 and 2, respectively, were assigned to d-d electronic transition of copper metal ion. These band positions are typical of those observed for other copper complexes having square pyramidal geometry. Two bands were observed in region below 400 nm for complex 1. An intense band at 272 nm was assigned to intra-ligand π→π* and n→π* electronic transitions for aromatic rings and carbonyl group of the ligands. Second broad band at 315 correspond to ligand to metal charge transfer transition. Similarly, for complex 2 intense band at 270 nm corresponds to intra-ligand π→π* and n→π* electronic transitions while band at 305 nm is assigned to ligand to metal charge transfer transition. Values of ε for complexes 1 and 2 are 93. 4 Binding mode of carboxylate moiety either monodentate or bidentate in both complexes was defined by calculating the value of Δν {ν (OCO) asym -ν (OCO) sym } which is 198 for complex 1 and 189 for 2 supporting monodentate and bridging coordinate binding mode in both the complexes. This fact was also confirmed by X-ray single-crystal analysis. 
Crystal Structure Description
The ORTEP and close packing diagrams of both complexes with the atomic numbering scheme and mode of coordination of ligands is shown in Figs. 1 and 3 and 2 and 4, respectively. The crystal data and structure refinement parameters are given in Table 1 while the selected bond lengths and angles are listed in Table 2 . The crystals remained stable throughout the data collection and both the crystals were comprised of Cu(II) dimeric units in which each copper atom is penta-coordinated giving rise to a distorted square pyramidal geometry around each copper atom with small distortion as reflected by value of distortion factor τ (= β -α/60°) which is found to be 0.172 and 0.002 for complexes 1 and 2, respectively. 33 In both crystals each copper atom of a dimeric unit is surrounded by two nitrogen atoms from phen or bipy moiety and three oxygen atoms from three phenylacetic acids. Two nitrogen atoms and two oxygen occupy the four corners of a square plane while third bridging oxygen atom occupies the apical position giving rise to a square pyramidal geometry around each metal atom of a discrete dimer. The Cu-N phen and Cu-N bipy distances in complexes 1 and 2 are 2.0284 (18) pectively. 32, 34 Smallest angle is observed between equatorial bridging oxygen atoms and a copper atom i.e., O1-Cu1-O1 i of a dimeric unit and is equal to 76.52(6)°a nd 77.68(7)° for 1 and 2, respectively. All the data of bond lengths and angles are comparable with previously reported similar Cu(II) complexes with O-and N-donor ligands. 35, 36 Supramolecular interactions in complexes are different from one another owing to different dihedral planes and the presence of CHCl 3 in 2. In complex 1 two molecules of 3-chlorophenylacetate form different dihedral angles around copper which enable them to take part in C-H···O interactions with 1,10-phenanthroline moiety of the neighboring molecule. Thus, the bridging carboxylate moiety is involved in intramolecular π-π interactions with aromatic rings of 1,10-phenanthroline. Intramolecular hydrogen bonding is present between H17 and H18 atoms of 1,10-phenanthroline and O3 atoms of adjacent carboxylates ligand which is coordinated to metal atom with H···A distance of 2.37 and 2.51 Å, respectively as shown in Fig. 2 . Each monomer in crystal lattice is linked to another monomer through hydrogen bonds which arises between uncoordinated O2 and O4 atoms of carboxylate moiety and hydrogen atoms of phenanthroline rings with distance of 2.57 Å. In addition to this, Cl atoms also participate in intermolecular hydrogen bonding with near- (7) 91.79(7) O1-Cu1-O1 i 76.52 (6) 77.68(7) N1-Cu1-O1 i 93.91 (7) 95.41(7) N2-Cu1-O1 i 113.54 (7) 102.99 (7) Symmetry codes: i = 2 -x, -y, -z for 1; i = -x, 2 -y, 1 -z for 2.
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by H atoms of phenyl rings. While intermolecular π-π stacking interactions between two adjacent phenanthroline rings with centroid-to-centroid distance of 3.526-3.851 Å give rise to strong intermolecular interaction thus providing overall stability to the crystal lattice. This stacking effect present in the complex is comparable with stacking effect present in DNA strands and enables the complex to interact with DNA through intercalation. 37, 38 Similar intramolecular forces as well as intermolecular forces are present in complex 2 where two solvent molecules are integral part of the unit cell and further extend the intermolecular interactions. In this complex two carboxylate ligands i.e. 3-chlorophenylacetic acid also behave differently. One carboxylate moiety around one Cu atom of dimer (O1/O2/Cl1/C1-C8), in plane A (O1/C1/O2) is oriented at adihedral angle of 70.40 (18) °w ith respect to plane B (C2-C8/Cl1). While second nonbridging carboxylate moiety (O3/O4/Cl2/C9-C16) in plane C (O3/C9/O4) makes dihedral angle of 56.85(24)° with plane D (C10-C16/Cl2). The 2,2'-bipyridine moiety in plane E (N1/N2/C17-C28) is planar with r.m.s. deviation of 0.0500. The dihedral angle between B/E is 23(11)°. This shows that bridging carboxylate moiety is involved in intramolecular π-π interactions with aromatic rings of 2,2'-bipyridine. The intermolecular π-π interactions arises between two adjacent bipyridine rings with centroidto-centroid distance of 3.42-3.94 Å and give rise to stack effect thus enabling this complex to interact with DNA through intercalation. 39, 40 Intramolecular hydrogen bonding in complex 2 is furnished by bridging oxygen atoms O1 and non-bridging oxygen atoms O3 with hydrogen atoms of phenyl rings of bipyridine as well as adjacent carboxylate ligand as shown in Fig. 4 . Moreover, solvent molecules participate in intermolecular hydrogen bonding giving overall strength to the lattice. hypochromism (decrease in absorbance) with subsequent addition of SSDNA solution. All these observations suggest partial intercalative and groove binding mode of interaction for complexes 1 and 2 with SSDNA. Extent of interaction of complexes with SSDNA was judged by calculating binding parameter such as K b which is binding constant and tells how strongly a chemical substance interacts with SSDNA during specific study. K b for both complexes was calculated by using famous Benesi-Hildebrand equation 41, 42 which is given below 43, 44 Intercalative interaction of both complexes with SSDNA is attributed to π-π stacking effect present in synthesized complexes which is comparable with stack effect present in DNA strand. Moreover negative ΔG values reflect the spontaneity of these interactions. 45, 46 A 24 hrs absorption spectroscopic study of 0.2 mM/MeOH solutions of these complexes in visible region was carried in order to elucidate the structural stability of synthesized complexes in solution. It was observed that no shift in λ max occurred during 24 hrs (Fig. 6a, b) confirming that square pyramidal geometry around copper atom remains intact. On the basis of this observation it was proposed that both complexes might remain in dimeric form within the solution. However, a little increase in absorbance was noted which was attributed to local temperature variations during 24 hrs.
3. DNA Binding Studies
4. Enzyme Inhibition Study of Complexes
4. 1. α α-Glucosidase Inhibition Assay
α-Glucosidase is an enzyme present in brush border of small intestine consisting of 952 amino acids with complex structure. It breaks down starch and disaccharides to glucose. Active sites of this enzyme consist of both electrophilic and nucleophilic centers. Blocking these active sites through suitable chemical agents can lead to its inactivity. Although copper ions have been found to lower the blood glucose level in diabetic patients yet, only few copper(II) complexes with amino acids and Schiff bases have been reported to date having α-glucosidase inhibitory activity. 47, 48 No structurally similar complexes like those described here have been reported to date having α-glucosidase inhibitory activity. Keeping in view all these facts, in vitro anti-diabetic activity of synthesized complexes was investigated against pure α-glucosidase enzyme using PNG as a substrate and was compared with acarbose. Acarbose is a standard drug for α-glucosidase inhibitor which showed an IC 50 value of 13.10 μM (Table 3) . Acarbose binds reversibly with active sites of α-glucosidase enzyme and inhibits its activity through competitive mode. Both synthesized complexes showed good α-glucosidase inhibitory activity in a dose dependent manner. The highest inhibitory activity was recorded for the compound 2 which exhibited 94% activity with IC 50 30 .1 μM while compound 1 showed 78% inhibition with IC 50 value of 34.6 μM at the same concentration. It is interesting to note that IC 50 values (Table 3) percentage inhibition exhibited by synthesized complexes is found to be greater than previously reported Cu(II) complexes with nitrogen donor ligands like ethylenediamine. 49 A graph was plotted by taking% inhibition along y-axis and concentration of inhibitor along x-axis to check the mode of inhibition of complexes 1 and 2 as shown in Fig. 7 . Both complexes exhibited enzyme inhibition activity in dose dependent manner.
(H-bond acceptor) and Ser-244 (H-bond donor) present on active site of α-glucosidase enzyme. This arrangement thus partially blocks the active sites for incoming substrate and finally partially inhibits its activity. The results of the assay reflected that these complexes have potential to inhibit this enzyme and can be suggested that such complexes incorporating copper as metal center and easily available ligands can provide a foundation in drug designing to cure type-II diabetes mellitus in future. 50 ,51
4. Anticholinesterase Assays
Acetylcholinesterases are critically important CNS and PNS enzymes that hydrolyze the neurotransmitter acetylcholine. The anticholinesterase activity of these new complexes was investigated in vitro using purified AChE and BChE enzymes and the results are summarized in Table 3 . Galantamine hydrobromide is used as standard drug for AChE and BChE enzyme inhibitor which showed an IC 50 value of 2.97 and 4.69 μM, respectively (Table 3 ). This drug is successfully employed for the treatment of Alzheimer disease. It is reversible competitive inhibitor of acetylcholinesterase. As copper complexes have ability to bind with various proteins and because of encouraging results of α-glucosidase enzyme inhibition assay, the synthesized complexes were further tested for their anticholinesterase capacity. The results of our assay showed that compound 1 showed moderate activity only against AChE with IC 50 value of 179.4 μM. On the other hand compound 2 showed good inhibitory activity against BChE with 76.3% inhibition at 200 μg/mL with IC 50 value 95.8 μM. This moderate enzyme inhibition capacity of complexes is attributed to their ability of blocking the active sites on enzyme surface because of presence of electrophile and nucleophile acceptor centers present in the synthesized complexes. 52, 53 Some copper complexes with curcumin and bis(thiosemicarbazones) have been reported which exhibit anti-Alzheimer activity through different routes, while other copper complexes with 2-(diphenylmethylene)hydrazinecarbothioamide, Schiff bases and flavanone have shown good anticholinesterase activity, yet no heteroleptic copper(II) complexes with phenyl acetic acid and N-donor ligands have been It is proposed that in synthesized copper complexes the presence of fused pyridines and carboxylate ligands facilitates the transport of these complexes across the cell membrane and structural flexibility provided by carboxylate ligand enhances the chances of binding metal center of the complex with electron donors such as nitrogen present on the active site of enzyme and eventually inhibiting its activity. Moreover, from the literature it is evident that higher the capacity of inhibitor to establish hydrogen bonds with hydrogen donor and acceptors centers present on active site of an enzyme higher will be the inhibitory activity. Non-coordinated oxygen atoms of carboxylate ligands in these complexes provide opportunity to complexes to develop hydrogen bonds with amino-acids Thr-215 reported so far having anti-Alzheimer activity. So, all these findings can help in future drug designing for Alzheimer disease. 54, 55 3. Experimental
1. Materials and Methods
All the analytical grade chemicals used in the study were purchased from Fluka, Switzerland, and used as received. Analytical grade methanol and chloroform were obtained from Merck, Germany, and were used without further purification. Doubly distilled water was used for synthesis. Melting points of both complexes were obtained in a capillary tube using Gallenkamp, serial number C040281, U.K, electrothermal melting point apparatus. CHN analysis was carried out with a Perkin-Elmer 2400 series-II instrument. FT-IR spectra were recorded on a Nicolet-6700 FT-IR spectrophotometer, Thermoscientific, USA, in the range of 4000 to 400 cm -1 . UV-Visible spectra of 1 and 2 were recorded by employing UV-1800 Shimadzu spectrometer within wavelength range of 190-800 nm where lower cut off region was found to be 220 nm. For UV-visible measurements 0.2 mM solutions of 1 and 2 were prepared in methanol at room temperature.
2. Synthesis of 1 and 2
One-pot synthesis scheme was employed for synthesis of both complexes by subsequent addition of NaHCO 3 (0.42 g, 5.0 mmol) to 3-chlorophenylacetic acid (0.85 g, 5.0 mmol) in distilled water at 60 °C with continuous stirring. When effervescence was stopped in the reaction mixture aqueous solution of copper sulphate (0.72 g, 2.5 mmol) was added drop wise and mixture was stirred for next three hours. After that, 1,10-phenanthroline (0.49 g, 2.5 mmol) for complex 1 and 2,2'-bipyridine (0.40 g, 2.5 mmol) for complex 2 was added in reaction mixture and stirring was continued for next three hours. Precipitates of both complexes were separated from the reaction mixture by filtration and washed thoroughly with distilled water and air dried. Later on both complexes were recrystallized from chloroform and analyzed by FT-IR and X-ray single crystal analyses.
Dark blue crystals (1) 
X-ray Crystallographic Study
Crystallographic data were collected at 296 K using an Oxford Gemini Ultra S CCD diffractometer using graphite monochromatic Mo-Kα radiations (λ = 0.71073 Å). Data reduction and empirical absorption corrections were accomplished using CrysAlisPro. Structures were solved by direct methods using SHELXS-86 and refined by full matrix least-squares analysis against F 2 with SHELXL-2014/7 within the WinGX package. The drawings of the complexes were produced using OR-TEP3. [56] [57] [58] 
4. DNA Interaction Studies by Absorption Spectroscopy
Suitable amount of salmon sperm DNA (SSDNA) was dissolved in distilled water and stirred for overnight before use. The nucleotide to protein (N/P) ratio of ∼ 1.7 was obtained from the ratio of absorbance at 260 nm and 280 nm (A 260 /A 280 = 1.7), for prepared DNA solution which indicated that solution is free of proteins. The SSD-NA concentration was determined by absorption spectroscopy using molar absorption coefficient of 6600 M -1 cm -1 (260 nm) for SSDNA. Solutions of both complexes for UV-Visible spectrophotometric analysis were prepared in methanol at a concentration of 0.2 mM. The absorption titrations were performed by keeping complexes concentration constant with change of SSDNA at the rate of 150 μL to aliquots to eliminate the absorbance of SSDNA itself. The solutions were allowed to incubate for 30 mins at room temperature before the measurements were made. Absorption spectra were recorded using cuvettes of 1cm path length at room temperature.
4. Enzyme Inhibition Assays
4. 1. α α-Glucosidase and Amylase Inhibition
Anti-diabetic property of synthesized complexes was evaluated by previously reported α-glucosidase enzyme inhibition assay with modifications. 59 α-glucosidase from Saccharomyces cerevisiae (Sigma-Aldrich) was dissolved in 50 mM potassium phosphate buffer (pH 6.8) to make enzyme stock solution (1 unit/mL) and p-nitrophenyl-α-D-glucopyranoside (PNG) prepared in same buffer at 20 mM was used as substrate. Assay was performed in triplicate in 96-well plates and samples were prepared in DMSO with 200, 100 and 50 ppm final concentration. For experiment, in each well 25 μL of PNG, 65 μL of phosphate buffer (50 mM, pH 6.8), 5 μL of test sample and 5 μL of α-glucosidase enzyme (0.05 U/mL) were used. Acarbose and DMSO were used as positive and negative controls, respectively. Plates were incubated 
4. 2. Anticholinesterase Assays
The anticholinesterase potential of newly synthesized complexes was determined by the previously reported colorimetric method with modifications. 60 In this study, acetylcholineestrase (AChE) and butyrlcholineestrase (BChE) activity assay was performed by using acetylthiocholine iodide (AChI) and butyrylthiocholine iodide (BChI) as substrates, respectively. Assay was performed in triplicate in 96-well plates and samples were prepared in DM-SO with 200, 100 and 50 ppm final concentration. 5 μL of sample, 20 μL of 0.1 mM sodium phosphate buffer (pH 8.0) and 5 μL enzyme preparation (0.05 U/mL) of AChE and BChE, respectively. Then 10 μL substrate solution was added with final concentrations of 15 mM for AChI and 4 mM for BChI followed by the addition of 60 μL DTNBphosphate-ethanol reagent (3 mM). The reaction mixtures were then incubated for 30 min at 37 °C. Galantamine hydrobromide (Sigma) and DMSO were used as positive and negative controls, respectively. Percentage activity was measured by the following formula after taking absorbance (A) at 405 nm using microplate reader (BioTek Elx-800, USA). 
Conclusion
Two isostructural dimeric heteroleptic Cu(II) complexes have been synthesized and characterized by UVVisible, FTIR and XRD techniques. The data revealed slightly distorted square pyramidal geometry around each Cu atom and monodentate coordination mode of carboxylate ligands with metal atom in both complexes. DNA binding ability is checked through UV-Visible spectroscopy which revealed strong binding tendency of both complexes with SSDNA with K b = 5.07 × 10 3 M -1 for complex 1 with ΔG = -21 kJ, and K b = 4.62 × 10 3 M -1 for complex 2 with ΔG = -20 kJ. Enzyme inhibition assay of both complexes disclosed their potential therapeutic applications as anti-diabetic as well as anti-Alzheimer's disease in dose dependent manner with IC 50 (μM) values of 34.6 and 30.1 for α-glucosidase for complexes 1 and 2, respectively. IC 50 values for acetylcholinesterase and butyrlcholineestrase were found to be 179.4 and 95.8 μM for complexes 1 and 2, respectively. On the basis of this data we proposed that both synthesized complexes are biologically active and in future could provide a solid foundation in drug designing.
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Appendix A. Supplementry data
Crystallographic data for the structures reported in this paper has been deposited with the Cambridge Crystallographic Data Centre, CCDC #1473940 and 1473941 for 1 and 2 respectively. Copies of this information may be obtained free of charge from The Director, CCDC, 12, Union Road Cambridge CB2 1EZ [Fax: +44 (1223)336 033] or e.mail: deposit @ccdc.cam.ac.uk.
